In previous work, subjects looked at a target stabilized at the fovea, superimposed on a sinusiodally moving OKN stimulus. The stabilized target (no retinal-slip) suppressed OKN leaving residual eye movements that were often in counterphase with the OKN stimulus motion. In the present study we explored how this type of suppression of OKN is influenced by OKN stimulus predictability: OKN stimulus motion was either sinusoidal or a random walk of half-sinusoids. During fixation of a stabilized target with sinusoidal stimulus motion, OKN was suppressed leaving residual eye movement whose amplitude was typically less than OKN and with a phase lag of about 180 deg (roughly in counterphase with stimulus motion). With random-walk stimulus motion, the residual movement amplitude was even smaller, and at higher frequencies the phase lag decreased to become the same as for OKN. For both stimulus motions, OKN was suppressed when the target was present, but counterphase residual movements appear to depend on stimulus predictability.
INTRODUCTION
Animals with centralized retinas often fixate targets of interest, where the ability to maintain the fixation may normally depend upon slip of the target relative to the retina (Cornsweet, 1956; Steinman, Cunitz, Timberlake & Herman, 1967) . However, to hold fixation of a stationary target in the presence of relative motion of a background visual field, it is necessary to suppress optokinetic responses, or else the eyes might be dragged along with the motion of the field. In earlier studies we wanted to find out to what extent target retinal-slip was important for suppression of OKN (Wyatt & Pola, 1984; Pola, Wyatt & Lustgarten, 1992) . In that work we eliminated target retinal-slip by asking subjects to look at a target stabilized at the fovea in the presence of sinusoidal motion of an optokinetic stimulus. The results showed that with a stabilized target there was a loss of slow eye movement in the direction of the optokinetic stimulus and little or no quick phase movement; thus OKN was absent and appeared to be suppressed. However, eye movement was not completely absent. Most subjects made small-tomoderate amplitude smooth eye movements (no quick phases) with a large phase lag, often approximately in counterphase with the stimulus motion. For a few subjects, the amplitude of these movements was rather large. Since these slow movements were not optokinetic in the sense of tending to follow the stimulus motion, we referred to them as "residual movements". These residual movements appear to be the output of a mechanism which responds to relative target-field motion. A recent model of the system involved in the suppression of OKN suggests that with relative target-field motion a mechanism for counterphase movements may be enabled at the same time that OKN is suppressed (Pola, Wyatt & Lustgarten, 1995) . Based on these findings, we have raised the possibility that suppression of OKN with a stabilized target is an important mechanism for suppression of OKN in general (Wyatt & Pola, 1984; . In support of this suggestion we have found that residual eye movements with a stabilized target are systematically related to small residual movements that occur when subjects suppress OKN by fixating a stationary, closed-loop target (Pola et al., 1995) . In both types of studies--using open-and closed-loop targets--the OKN stimulus motion was sinusoidal and therefore predictable. However, several studies have demonstrated that OKN itself varies with stimulus predictability, showing predictive capabilities rather similar to those of smooth pursuit (Yasui & Young, 1984; Wyatt & Pola, 1988 Berg and Collewijn (1987) have shown that deliberate efforts to move a stabilized target, either in phase or in counterphase with an OKN stimulus, are significantly degraded when the OKN stimulus is unpredictable; however, they obtained these results with sum-of-sines stimuli, which tend to accentuate system non-linearities (St-Cyr & Fender, 1969a,b; Wyatt & Pola, 1988) .
We have examined fixation and suppression of OKN without deliberate subject effort, using a stimulus that does not suffer from some of the disadvantages of sums-of-sines (see Wyatt & Pola, 1988) : subjects viewed a stabilized target superimposed on OKN stimulus motion which was either sinusoidal or a random walk of half sinusoids (Wyatt & Pola, 1988) . The results indicate that suppression occurs for both sinusoidal and random-walk stimulation, but that the nature of residual eye movements during suppression depends strongly on stimulus predictability.
These results have been presented in preliminary form (Aksionoff, Wyatt, Pola & Lustgarten, 1989) .
METHODS
The methods used have been described in several previous publications (Wyatt & Pola, 1988; . Here, we will describe the methods fairly briefly, emphasizing any differences.
Experimental conditions
Subjects sat in a dark room (painted black, with only the visual stimuli visible) and viewed monocularly with the left eye, using a bite-bar made from dental impression compound to stabilize the head position. In each trial, subjects observed either (i) a small round target (stabilized on the fovea) presented against an OKN stimulus field (not stabilized), or (ii) the OKN stimulus field alone. In both conditions, the field motion could be either sinusoidal or a random walk of half sinusoids (see below). Instructions to subjects depended on whether a target was present or not:
Look condition instructions (target +field). Subjects were to look attentively at the target. We have previously used this condition to study suppression (Wyatt & Pola, 1984; and also smooth pursuit of a moving target in both closed-and open-loop conditions. Subjects were told to avoid any effort to influence target behavior in space.
O KN condition instructions (field-alone) . Subjects were to avoid deliberate fixation of any part of the optokinetic stimulus, but were instead to passively stare ahead; however, they were not to fight any involuntary eye movement that they became aware of. They were to keep their attention at the plane of the wall in front of them, and not gaze into some imagined distance or at an imaginary target. Finally, they were asked to keep their gaze roughly horizontal, which was achieved with little effort (Wyatt & Pola, 1984; . The combination of these two stimulus conditions and the two types of field motion produced four experimental conditions: Look-Sin, OKN-Sin, Look-Ran and OKN-Ran.
Visual stimuli
The target (4 deg dia; 0.5 cd/m 2) was rear-projected on a screen via a servomotor-controlled mirror (General Scanning), and was stabilized on the fovea with respect to horizontal eye movements by using a signal of horizontal eye position. This stabilization signal had small amounts of noise and drift--see Measurement of eye position. However, perfect stabilization would not be desirable, since target disappearance would interfere with the experiment. The servomotor/mirror system has a flat gain and little phase lag at the frequencies involved in eye movements; when driven by the eye-position signal from a saccade, the mirror-position signal replicated the saccade signal almost exactly. Thus, the system did not distort the oculomotor response in these studies. We used the relatively large stabilized target to attempt to reduce drifts of the eye toward any small offset of the target relative to the fovea (Pola & Wyatt, 1980) , since slight offset of the target might arise due to small drifts in the eye position signal.
The OKN stimulus field was created with a "planetarium" projector--a drum with small holes drilled in it and a compact-filament source at the center. Pinhole images of the filament were formed on the walls, ceiling and floor ("spot" dia approx. 2 deg). A servomotor (Electrocraft) rotated the drum, producing horizontal motion.
The signal to the servomotor was derived from a computer-generated sinusoid of a given frequency. The sinusoid was constituted of half-sine-waves (where a "half-sine-wave" began and ended with zero velocity) presented in one of two sequences: (1) regularly alternating leftward and rightward to create the basic sinusoidal motion; or (2) in a random sequence of leftward and rightward motion. The random sequence is a form of one-dimensional "random walk" of the field.
This form of unpredictable stimulus motion has the special advantage that stimulus motion, considered one half-sine-wave at a time, is identical in the sinusoidal (more predictable) and random-walk (less predictable) conditions. There was no constraint on the extent of motion of the stimulus for this experimental situation, in the way that there is when a similar stimulus is used to assess predictive behavior of pursuit of a target (Lisberger, Evinger, Johanson & Fuchs, 1981) . To provide enough half-cycles for analysis, the "random walk" was usually constrained so that a maximum of three half-cycles in a row in the same direction was permitted (see Data recording and analysis, below). Stimulus motion was based on sinusoids with peak velocity = 15.7 deg/sec, having frequencies of 1/8, 1/4, 1/2, 1 and 2 Hz. A single trial lasted 40 sec (1/8-1 Hz) or 20 sec (2 Hz).
Measurement of eye position
We used an IR reflection system (Eye Trac Model 200, Narco Bio-Systems, Inc.), modified to reduce noise and to permit electronic adjustment of the left/right balance of the IR sensors. Records run at high gain showed microsaccades and drifts, and the level of high-frequency noise was small (<2-3min arc). The level of low-frequency noise, estimated from drift during a 30-40 sec fixation trial, could be kept to about 10 min arc or less during the trial (some of which could have been actual fixation drift). After careful adjustment, the system was linear to several parts in a hundred over a range of about ___ 20 deg.
Data recording and analysis
Horizontal eye position was filtered (passive singlestage low-pass filter; corner 125 Hz), A/D converted and recorded on disk at 100 samples/sec. This sampling rate is appropriate for signals below 50 Hz, which is adequate because the smooth eye movement power spectrum extends up to about 5-10 Hz or less (Bahill & McDonald, 1983) . The main contaminant in the signal, aside from some inevitable 60 Hz noise, was a signal with a 2 kHz fundamental, arising from chopping circuitry in the eye position measurement system. The 125 Hz filter was chosen at about the geometric mean of 2 kHz and frequencies of interest; this substantially attenuated the 2 kHz signal while only minimally affecting phase in the domain of interest. Together with eye position information, calibration data for each trial and a binary-coded representation of the stimulus sequence were also stored on disk. We also recorded stimulus velocity and eye position and velocity on a Grass polygraph (bandwidth 0-75 Hz).
During analysis, an eye position record was treated as a series of individual response half-cycles. At frequencies above 0.125 Hz, we routinely discarded the first response half-cycle. Data segments uncontaminated by blinks or severe drift were selected for analysis. For selected data segments, the position record was digitally smoothed (10 Hz corner) and differentiated. Saccades and blinks were detected and deleted by an interactive program, and replaced by straight-line segments. We routinely use "jerk" to detect saccades; the third derivative of eye position is usually a good indicator of saccade initiation, even for small saccades in the presence of large smooth movements, when velocity and acceleration are not reliable. Cycles substantially distorted by blinks were discarded.
Analysis of eye movement depended on the type of stimulus field motion. For a trial with sinusoidal field motion, cycles of eye velocity were averaged and the Fourier fundamental was calculated. The gain and phase lag of the fundamental (smooth eye velocity with respect to field velocity) were used as response values for the trial; each mean value plotted is the mean of 3-5 such single-trial values.
For random-walk fieM motion, portions of an eye velocity record that occurred during similar half-cycles of stimulation were averaged together, which gave separate average records of eye velocity during half-cycles of rightward and leftward stimulation for a given trial. Half-cycles were only used if they were preceded by half-cycles of opposite polarity; thus, during an analyzed half-cycle, and for at least a half-cycle before it, field motion was sinusoidal. A half-cycle preceded by one of the same polarity starts with a discontinuity of acceleration; these half-cycles were avoided by the selection rule indicated. An average response cycle for the trial was then synthesized from the two average half-cycles, and the Fourier fundamental of this cycle was found. The gain and phase lag of the response fundamental (smooth eye velocity with respect to field velocity) were used as response values for the particular trial; each mean value plotted for experiments with random-walk stimuli is the mean of 4-8 such single-trial values.
It should be noted that the technique of averaging whole or half-cycles of data prior to determining the Fourier fundamental is capable of extracting very small responses (Wyatt & Pola, 1988) .
Experimental protocol
Eye position was calibrated before and after each trial. On a given day, 10-15 trials were typically run, each lasting 20-41 sec plus time for calibration and rest between trials. The sequence of (i) frequency, (ii) "Sin" (sinusoidal) vs "Ran" (random walk) and (iii) OKN vs Look on successive trials was quasi-random.
Subjects
Results are from three experienced subjects.
RESULTS

Basic nature of oculomotor responses
In considering the results of this experiment, it is important to keep in mind that both sinusoidal field motion and random-walk field motion are locally sinusoidal; i.e. a half-cycle of sinusoidal stimulation is the same as a half-cycle of random-walk stimulation. The difference is that there is little foreknowledge of the polarity of the next half-cycle in the random case, while it is entirely known in the sinusoidal case. Since half-cycles used for data were preceded by half-cycles of opposite polarity--see Methods--there was no acceleration transient at the start of these half-cycles. Figure 1 shows some raw data for one subject at 0.25 Hz. At this low frequency, the two optokinetic responses (OKN-Sin and OKN-Ran) resembled each other, especially for locally-sinusoidal segments of the random-walk stimulus. (As discussed in Methods, only such segments were used for analysis.) This is in agreement with previous work (Wyatt & Pola, 1988) . Also in agreement with the previous work, the Look-Sin condition produced suppression of OKN (loss of slow movements in the direction of stimulus motion and few or no quick phases*), with residual eye movements roughly in counterphase with the stimulus (Wyatt & Pola, 1984; . The Look-Ran response was smaller than the others; however, half-cycle responses during locally-sinusoidal portions may be seen to be similar to Look-Sin responses, and roughly in counterphase with the stimulus. This is especially apparent in the locally-sinusoidal segment late in the record. It was generally the case that, at the lower stimulus frequencies, OKN responses did not depend much on stimulus predictability (OKN-Sin and OKN-Ran were similar), and residual movements during suppression (Look-Sin and Look-Ran conditions) also tended to be similar, at least in phase lags. Figure 2 presents results for each of three subjects in both the OKN and Look conditions. Parts (a) of the figure show gain and phase plots of optokinetic responses with both the sinusoidal (OKN-Sin) and random sinusoid (OKN-Ran) stimulus field motion. The symbols respresent average values for each subject: circles, triangles and inverted-triangles correspond to the three subjects; filled symbols are data for the Sin condition and open symbols for the Ran condition. The lines show the *The Look-Sin response of the subject in Fig. 1 may seem to have quick phases like those in the OKN response. However, the Look-sin quick movements were nearly always leftward, unlike the OKN quick phases. These Look-Sin quick movements were probably due to the stabilized foveal target often appearing to the subject to be slightly offset to the left, even when it was centered on the fovea. Most subjects show few or no quick eye movements in the Look-Sin condition (Wyatt & Pola, 1984; .
average of the three subjects" data, the solid line for the Sin data and the broken for the Ran data. In each condition, the three subjects' data were quite similar. Overall, the optokinetic gain decreased and the phase lag increased as a function of stimulus frequency, in both the OKN-Sin and Ran conditions. However, the OKN-Sin response had a larger gain and a smaller phase lag than the OKN-Ran response, especially at the middle to higher frequencies. This difference between optokinesis in the two conditions, consistent with the results of previous studies (Yasui & Young, 1984; Wyatt & Pola, 1988) , shows that the optokinetic system has the capacity to respond more "effectively" to predictable (sinusoidal) stimulus motion than to less predictable (random-walk) motion. Parts (b) of Fig. 2 show the gain and phase lag of slow eye movement when the subjects looked at the retinally stabilized target presented against sinusoidal field motion (Look-Sin) or against random-walk field motion (Look-Ran). As before, the symbols represent individual subject's average data, and the lines represent the average for the three subjects. Clearly, these data were not as orderly as the OKN data: there was considerable variability between the subjects' data at each frequency, and there is some overlap between data points for the two conditions. Nevertheless, there are regular trends. First, both the Look-Sin and Look-Ran responses tended to be smaller than the optokinetic responses. In other words, looking at the stabilized target, regardless of predictability of stimulus field motion, affected optokinesis. Also, Look phase lags were generally larger than the OKN phase lags, except at the highest frequencies. For clarity, we did not show error bars in Fig. 2 ; however, some description of within-subject variability is appropriate. In line with earlier work (Wyatt & Pola, 1988) , variability was low in the OKN conditions: gain SDs were around 10% of the average gain value (approx. 0.05 log units), ranging from 2 to 25% (approx. 0.01-0.1 log units). Phase SDs were typically a few deg (the largest was 9 deg). As might be expected, variability was substantially greater in the Look conditions: gain SDs averaged approx. 40% of the average gain value (approx. 0.2 log units), ranging from 5 to 80% (approx. 0.02-0.5 log units). Phase SDs were typically 10-20 deg, ranging from 3 deg to about 40 deg. In two specific cases of the Look-Ran condition, the variability in phase of the fundamental became very large (V, 0.5Hz, phase SD = 76 deg; A, 0.25 Hz, phase SD = 100 deg). These special cases will be discussed later.
A complete analysis of the harmonic distortion of eye movement waveforms was not performed; however, a rough measure was obtained by calculating the distortion due to the 2nd and 3rd harmonics. [Distortion= (a] + a32)'/2/a~, where a~, a2 and a3 are the amplitudes of the fundamental, 2nd and 3rd harmonic, respectively.] For the OKN conditions, the distortion was relatively small (OKN-Sin, 9 4-2%; OKN-Ran, 14 ___ 3%). For the suppressed conditions, the distortion was greater (Look-Sin, 27+11%; Look-Ran, 53+12%). The distortion on individual trials correlated quite well with qualitative assessment of the averaged waveform as "good" (typically <10%), "fairly good" (10-20%), "fair" (20-30%) and "fairly poor" to "poor" (> 30%). The distortion in the suppressed conditions was due partly to larger higher harmonic amplitudes, and partly to smaller fundamental amplitudes (Fig. 2) . Distortion was particularly large in the two special cases mentioned in the last paragraph, discussed later.
The gain in both the Look-Sin and Ran conditions decreased with frequency. In general, the gain of the Look-Sin response was greater than that of the Look-Ran response. The phase lag of the Look-Sin response was rather large at all frequencies, about 180 deg, and thus tended to be in counterphase with the stimulus motion. This result is similar to what we have reported previously (Wyatt & Pola, 1984; .
An interesting aspect of the results are the relative phase lags in the two Look conditions. The Look-Sin and Look-Ran phase lags were similar to each other at low stimulus frequencies. However, at 1/2 Hz, the Look-Ran phase lag decreased, diverging dramatically from the Look-Sin phase, and remained less than the Look-Sin phase at the higher freqencies. Nevertheless, between 1-2 Hz, the phase lag in both conditions increased in essentially the same way.
Another important feature of the results comes from a comparison of the Look-Ran and OKN-Ran conditions. Although the phase lags in the two condition were quite different at low to medium frequencies, at the highest frequencies the mean phase lags were virtually identical. The mean phase lag in both conditions was about 80 deg at 1 Hz, increasing to 160 deg at 2Hz. To facilitate comparison, the average OKN-Ran phase-lag curve has been redrawn on the Look phase-lag graph [lower part (b)] as a fine dashed curve; at high frequencies, the phase lags in the two Ran conditions were essentially the same.
Effects of pooling data in the Look-Ran condition
The results presented for the Look-Ran condition consist of pooled data from half-cycles preceded by at least one half-cycle of the opposite polarity. It is possible that this selection process could conceal a response dependency on the duration of preceding sine-like behavior. We investigated this at 1 Hz by determining the amplitude and phase lag for half-cycles either preceded by exactly 1 sine-like half-cycle or preceded by >1-n sine-like half-cycles (n = 1, 2 or 3). The results of this analysis (Fig. 3) show that for two of the subjects (A and V) there was little change in amplitude or phase lag as the number of preceding sine-like cycles increased to three or more. For the third subject (O) there was a gradual increase in both gain and phase. As the number of preceding half-cycles increases, the Look-Ran condition must eventually become like the predictive Look-Sin condition--the direction of change shown by the subject shown as O. For the other two subjects, more than three preceding half-cycles must be required for a change in the Fig. 2 . The criteria used were: analyzed half-cycle preceded by exactly 1 sine-like half-cycle ('" = 1"), by at least 1 sine-like half-cycle (" >~ 1"), by at least 2 ('" ~> 2") and by at least 3 (" >~ 3").
direction of the Look-Sin response. This analysis indicates that our general mode of pooling data was not special for two subjects, and was a reasonable compromise for the third. (For the third subject. comparing the general " ~> 1" selection with the more restrictive "'= 1" selection--which may be regarded as selecting the least predictable half-cycles--amplitude was unchanged, phase lag was was somewhat larger, and the " ) l'" selection yielded a greater number of half-cycles for analysis, as may be seen from the smaller error bars in Fig. 3. )
Transition in the Look-Ran condition
Given that Look-Ran eye movements appear to undergo a qualitative change at the middle frequencies, we explored responses at 1/4 and 1/2 Hz in more detail. At both frequencies, the Look-Ran eye movements for two of the three subjects were sometimes complex, showing more than one peak in each direction. We interpret these responses as "mixed-mode"--namely, showing some properties of both the Look-Sin and OKN-Ran responses at the same frequency. Two examples of this are shown in Fig. 4 . In each portion of Fig. 4 , the--curve is the averaged Look-Ran smooth-eyevelocity data from one trial, the • • • curve is the averaged OKN-Ran from one trial on the same day and the --~curve is the averaged Look-Sin data from one trial on the same day. For the subject in part (a) at 1/4 Hz (subject shown as /~A in Fig. 2) , the Look-Ran curve resembles the Look-Sin reasonably closely overall (note that 1/4 Hz is below the 1/2 Hz frequency where the main transition occurs). However, examination shows that the first half-cycle starts out like the OKN-Ran (..-) response, and then switches to behave like the Look-Sin response partway through the half-cycle, with a "peak" resulting from the switching. (These curves are 
• oo. . . n--/ / OKN-Ran OKN-Ran reproduced at the same magnification.) The two cases shown in Fig. 4 are examples of the two conditions, noted earlier, in which the phase lag of the fundamental became extremely variable, and harmonic distortion was particularly large. Figure 4 (b) is data from another subject at 1/2 Hz (subject shown as VV in Fig. 2) . Here, the data from the Look conditions have been magnified relative to the OKN-Ran data, as noted in the figure legend. The phenomenon which was noted in part (a) of the figure now appears more strongly: the Look-Ran response halfcycles (--) begin like the OKN-Ran (...) response (especially clear in the first half-cycle) and then switch to behave like the Look-Sin response. (Given the different magnifications, the Look-Ran behavior is occurring at much-reduced gain.) Alsovisible in Fig. 4 is a phenomenon noted earlier (Wyatt & Pola, 1988) : around the times of zero stimulus velocity, the OKN-Ran responses (...) decelerate. This does not generally occur (or is considerably less apparent) at the corresponding times in OKN-Sin responses, and may amount to a "wait-and-see" behavior of OKN, this being the time of greatest uncertainty in the random walk (when the next half-sinusoid may go in the same or the opposite direction).
DISCUSSION
The primary concern of this paper is suppression of OKN when subjects look at a stabilized target. In this and previous work (Wyatt & Pola, 1984 , 1988 we have considered suppression to be reflected by a loss of slow phase eye movement in the direction of stimulus motion together with a decrease in the number of oppositely-directed quick phases. In this view, suppression is indicated by either a decrease in gain, an increase in phase lag or a combination of both. Furthermore, we have suggested that large phase-lag (often counterphase) movements, are not simply a loss of OKN but come from a mechanism activated by relative target-field motion (Pola et al., 1995) . Thus, in Fig. 2 , the counterphase eye movements in the Look-Sin condition might reflect as much, if not more, suppression of OKN as the movements in the Look-Ran condition, even though the amplitude of the former is larger than that of the latter. With this in mind, two main points emerge from the present work. The first is that suppression of OKN occurred whether or not the OKN stimulus was predictable: looking at a target substantially reduced or abolished in-phase movements of the eyes in both the Look-Sin and the Look-Ran conditions. If suppression does not depend on predictability, one implication is that an abrupt (and therefore unpredictable) movement of the background should have little optokinetic effect if it occurs during fixation of a stationary target. (This would approximately correspond to a high-frequency LookRan type of situation.) In fact, in earlier work we found that if sinusoidal OKN stimulation began suddenly, while a subject was fixating a stabilized target, initial eye movement was a weak movement in the direction of the field motion; counterphase movements evolved over roughly 1 sec (Wyatt & Pola, 1984) .
The second point is that the nature of the residual eye movements depended strongly on stimulus predictability. Look-Sin responses were always roughly in counterphase with the stimulus. In contrast, Look-Ran responses were only in counterphase at the lowest frequencies, where we expect responses with random-walk stimuli to resemble responses with sinusoidal stimuli. For higher frequencies, where prediction of random-walk stimulus behavior becomes more difficult, Look-Ran responses change dramatically in their phase characteristics, becoming more like OKN responses (though smaller in amplitude). Most experiments with more-and less-predictable stimuli focus on changes in the phase lag of responses: if the phase lag of a response at a given frequency increases for a less-predictable stimulus, it is attributed to degraded functioning of a predictive capability present with the more-predictable stimulus. For example, random-walk stimuli have been used to study OKN (Wyatt & Pola, 1988) and smooth pursuit (Lisberger et al., 1981) ; the general finding is that responses with random-walk stimuli have larger phase lags (and often lower gains) than responses with sinusoidal stimuli at the same frequencies, especially at higher frequencies. The results in the present experiments are somewhat more difficult to interpret: the changes occur in the residual eye movements, with random-walk stimuli leading to a decrease in phase lag at higher frequencies. The nature and purpose of the mechanism underlying these residual eye movements has yet to be elucidated [for further discussion, see and Pola & Wyatt (1993) ]; however, these results suggest that it depends on stimulus predictability; when it is "frustrated" by unpredictable stimuli, the remaining residual movements are similar in phase to OKN. A plausible view of this is that at higher frequencies in the Look-Ran condition, the mechanism that generates counterphase eye movements (Pola et al., 1995) is essentially disabled, and what is left is suppressed OKN.
Other work from our laboratory has suggested that during predictable OKN stimulation, the mechanism responsible for counterphase eye movements is active in both open-and closed-loop situations (Pola et al., 1995) .
(When looking at a real-world stationary target, only very small residual movements occur, because retinal-slip information is used to help lock the eye on target.) Circumstances of predictable OKN stimulation are common, e.g. during locomotion, and it may be that the mechanism underlying counterphase movements is therefore an important contributor to everyday stabilization of gaze.
Collewijn and coworkers have suggested that counterphase residual eye movements during OKN suppression (in an experimental situation with a stabilized target and predictable OKN stimulation) may be a deliberate, voluntary oculomotor response (van den Berg & Collewijn, 1987) . In contrast, we have shown that first-time-ever naive subjects often show such eye movements . In addition, while it is clear that a subject can deliberately interfere in such experiments, making eye movements in phase or in counterphase with the stimulus, the dynamic characteristics turn out to be relatively constant for all in-phase responses and all counterphase responses . Thus, there is evidence that the "counterphase mechanism" is ubiquitous, appearing in experimental conditions ranging from highly artificial to real-world, and in subjects who have no interest in deliberately affecting experimental results. What this mechanism does require is predictable OKN-stimulus motion.
Transitional behavior of Look-Ran responses
The behavior observed in the region of transition, i.e. where Look-Ran responses change from counterphase to in-phase, was sometimes complex and dramatically nonlinear. If the response were simply a weighted sum of Look-Sin and OKN-Ran type responses, the result would be roughly sinusoidal; instead, there were extra peaks and we suggest that such responses result from starting halfcycles in a mode similar to OKN-Ran and then switching to a mode more similar to Look-Sin (Fig. 4) . If one examined the results of Fig. 4 in isolation, this interpretation would be hard tojusti fy--the responses would simply look erratic. However, knowing that at lower frequencies Look-Ran resembles Look-Sin, while at higher frequencies Look-Ran resembles OKN-Ran (with respect to phase lag), one can make a plausible case for an explanation based on switching between modes. Moreover, the sequence of switching is appropriate: at the start of a half-cycle when uncertainty is greatest, the behavior is OKN-like, and the switch is to counterphase-like behavior.
For sinusoidal stimuli, initial in-phase eye movements virtually never occur; such in-phase movement seems to be specific to unpredictable situations. This may be related to the general form of OKN with random-walk stimuli: as noted in Results, there is often a "pause" visible in averaged records near the zero-velocity points, though this is difficult to see in raw data. The mixed-mode transitional Look-Ran responses observed here suggest that the mechanism responsible for counterphase movements may be switched off at such moments of maximum uncertainty and switched back on when the nature of the ensuing stimulus is clearly established; in the interim, some OKN-like response may "leak through" at a reduced gain. In this view, gain is reduced because suppression is still operating, even though the mechanism producing counterphase movements is not acting. When the counterphase mechanism is switched off, the situation is similar to sudden onset of sinusoidal field motion. The system behavior at points of maximum uncertainty bears some interesting similarities to behavior of the smooth pursuit system in circumstances when target motion may change direction abruptly. Boman & Hotson (1992) have suggested that cessation of motion in one direction and initiation in a different one are handled separately by the pursuit system. The OKN behavior we have described, with "pauses" at moments of maximum uncertainty, suggests that a similar separation of mechanisms may occur in the optokinetic system.
Finally, it is interesting that a phenomenon of switching between two responses, somewhat similar to the present transitional responses, has been observed during suppression of the VOR (Bock, 1982) . In both cases, the "vestibular" form of the response (VOR-like or OKN-like) dominated at the higher frequencies, while at intermediate frequencies (approx. 1 Hz in the VOR studyt subjects switched abruptly between waveforms during single trials. (Further comparison is difficult, since the switching occurred for sinusoidal motion in Bock's study, while it has only been observed for random-walk motion in our study.).
